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ABSTRACT

Alpha-2-macroglobulin (α2M) is a 720 kDa glycoprotein consisting of four identical
(180 kDa) subunits and is the major representative of the α-macroglobulin group of
plasma proteins, present at high concentrations in human plasma. α2M is best known for
its ability to inhibit a broad spectrum of proteases which it accomplishes using a unique
“trapping” method. Protease trapping induces α2M to adopt an activated conformation
which exposes a binding site for the low density lipoprotein receptor (LRP), facilitating
clearance of the complexes from the body. α2M has been ascribed many biological roles
which extend beyond simple protease inhibition including immune regulation,
mediation of the inflammatory response via cytokine binding and more recently
chaperone activity. α2M has been shown to inhibit the heat-induced precipitation of
proteins in vitro through the formation of stable complexes. The work outlined in this
study further characterises the chaperone activity of α2M under conditions of heat and
oxidative stress and establishes the relationship between this and its role as a protease
inhibitor.

When present at physiological concentrations, α2M was found to inhibit the oxidationinduced precipitation of lysozyme (lys). In a preliminary study, it was shown that α2M
forms stable, soluble complexes with heat-stressed proteins. In the current study, native
agarose gel electrophoresis and immunoprecipitation analyses were used to demonstrate
that α2M also forms stable, soluble complexes with oxidised proteins. Removal of α2M
from human plasma was found to significantly increase the level of plasma protein
precipitation under conditions of heat and oxidative stress. Proteins co-purifying with
α2M from human plasma (following incubation at either 43 °C or room temperature for
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72 h) were analysed by mass spectrometry; this identified fibrinogen as a putative
endogenous chaperone client protein of α2M. It was also shown that protease-mediated
activation of α2M abolishes the chaperone activity, but that native α2M is able to form
soluble complexes with heat stressed proteins and then subsequently become activated
by protease trapping. Oxidation of (chaperone-inactive) protease bound α2M was shown
to restore chaperone activity but not the protease inhibitor function. These behaviours
provide an alternative means for generating α2M/stressed protein/protease complexes
which could be cleared in vivo by LRP-mediated cellular uptake and degradation.

The ability of α2M/stressed protein complexes to bind to cell surface receptors was
investigated using JEG-3, Hep-G2, and U937 cell lines and granulocytes derived from
whole human blood. α2M/CS complexes had limited ability to bind to LRP expressed on
the surface of JEG-3 cells. However, preliminary results indicated that activation of
α2M (α2M*) and α2M/stressed protein complexes (α2M*/CS) with trypsin resulted in
subsequent binding to the surface of JEG-3 cells. Native α2M/CS complexes were found
to bind to granulocytes and Hep-G2 cells via unidentified, non-LRP receptors.

Collectively, the results presented here further establish α2M as a potent extracellular
chaperone with the ability to protect proteins from heat and oxidation-induced stress.
α2M appears likely to have a dual role in vivo, as a protease inhibitor and as an
extracellular chaperone, the first identified mammalian protein with both activities. The
evidence suggests that it may function as part of an extracellular quality control system
for protein folding important in the control of inflammation and protein conformational
disorders (PCDs) such as Alzheimer's disease and type II diabetes. The pathology of
PCDs has been linked to the development of extracellular deposits of misfolded
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proteins. This thesis provides evidence supporting the hypothesis that α2M binds to
misfolded extracellular proteins to keep them soluble and mediates their cellular uptake
and subsequent degradation. Future advances in understanding of extracellular protein
folding quality control are likely to provide novel insights into the mechanisms
underpinning the development of serious human diseases and identify opportunities for
the development of new therapies.
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A360

Absorbance at 360 nm

A405

Absorbance at 405 nm

Aβ

Amyloid-beta peptide

Alexa 488

Alexa fluor® 488

α2M

Alpha-2-macroglobulin

α2M*

Activated alpha-2-macroglobulin

α2M/CS

Complex formed between alpha-2-macroglobulin and stressed
(unfolded) citrate synthase

α2M/CSb

Complex formed between alpha-2-macroglobulin and
biotinylated, stressed (unfolded) citrate synthase

α2M*/CSb

Complex formed between alpha-2-macroglobulin and
biotinylated, stressed (unfolded) citrate synthase which has been
activated.

α2M/CPK

Complex formed between alpha-2-macroglobulin and stressed
(unfolded) creatine phosphokinase

α2M/CPKb

Complex formed between alpha-2-macroglobulin and
biotinylated, stressed (unfolded) creatine phosphokinase

α2M/lys

Complex formed between alpha-2-macroglobulin and lysozyme

α2MR

Alpha-2-macroglobulin receptor

α2MR/LRP

Alpha-2-macroglobulin/ Low density lipoprotein receptor-related
protein (the same receptor).

ASGP

Asialoglycoprotein

ATP

Adenosine triphosphate

Az

Azide

BCA

Bicinchoninic acid
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dH2O

Distilled water
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Dulbecco’s modified eagle medium: F-12
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Deoxymethylsulphoxide
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Enhanced chemiluminescence detection

EDTA
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Fusion protein containing glutathione-S-transferase and receptor
associated protein

GST-RAPb

Biotinylated fusion protein containing glutathione-S-transferase
and receptor associated protein
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Heat denatured casein

HEPES

N-(hydroxyethyl) piperazine-N’-(2-ethanesulfonic acid)

HRP

Horse radish peroxidase

g

G- force

GST

Glutathione-S-transferase

Hsp

Heat shock protein

Hsp70

Heat shock protein 70
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KD

Constant of dissociation

kDa

Kilo Dalton
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Luria Bertani

LDL

Low density lipoprotein

LDLR

Low density lipoprotein receptor

LRP

Low density lipoprotein receptor-related protein

lys

Lysozyme

M

Molar (moles/litre)

mg

Milligram (1 x 10-3 grams)

μg
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ml

Millilitre (1 x 10-3 litres)

μl

Microlitre (1 x 10-6 litres)

mM

Millimolar (1 x 10-3 moles/litre)

μM

Micromolar (1 x 10-6 moles/litres)

NGE

Native agarose gel electrophoresis

OSB

Oxidative stress buffer

OVO

Ovotransferrin

PBL

Peripheral blood Leukocytes

PBS

Phosphate buffered saline
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Protein conformational disorders

PI

Propidium iodide
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Isoelectric point
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Receptor-associated protein

SA

Streptavidin

SaRIg-FITC

Sheep-anti-rabbit-immunoglobulin conjugated to FITC

SD

Standard deviation

SDS-PAGE

Sodium dodecyl sulfate polyacrylamide gel electrophoresis

SEC

Size exclusion chromatography

sHsp

Small heat shock protein

TAE

Tris-acetate-EDTA

TEMED

N, N, N’, N- tetramethyl-ethylenediamine
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